Abstract
Introduction

54
There is tremendous interest in quantifying the effects that demographic history has had 55 on the patterns and dynamics of deleterious variation and genetic load (Kirkpatrick and Jarne 
64
In particular, gene flow may be important for shaping patterns of deleterious variation.
4
effective migration rates between populations and may play a 103 significant role in determining the fitness of highly structured populations .
104
Heterosis may also increase introgression and the probability that introgressed ancestry will 105 persist in an admixed population, even if the introgressed ancestry contains more deleterious 106 variation (Harris and Nielsen 2016) . The extent to which heterosis contributes to increases in the 107 frequency of introgressed ancestry and confounds inference of adaptive introgression is also not 108 well understood.
109
The objective of this study is to develop a clearer picture of the effect of deleterious 
115
demographic models specific to a species or system. Our present study fills this void by 116 presenting a series of simulations utilizing demographic models that generalize biological 117 scenarios of interest. We include a realistic distribution of fitness effects for both additive and 118 recessive mutation models. In addition, we examine how the relationship between introgressed 119 ancestry and recombination rates, or functional content, is determined by the underlying 120 demography.
122
Results
123
Forward simulations
124
We used SLiM 4.2.2 (Haller and Messer 2017) to simulate admixture in the presence of 125 deleterious variation. In general, the underlying demographic model was a population split model
126
with an ancestral population size (N a ) of 10,000 diploids, where a single pulse of admixture 127 occurs at an initial proportion of 5%, in one direction and for one generation, at some time after 128 the split (Figure 1, Table 1 ). Throughout, we will refer to the subpopulation from which gene 
149
In each simulation, we recorded the fitness of each subpopulation, the proportion of 
152
represents the relative differences in load between the recipient and source subpopulation.
153
Subpopulation fitnesses are presented separately in Figure S1 .
155
The effect of admixture on deleterious variation
156
Our first step was to look at only the effects of gene flow on deleterious variation when 157 the two subpopulations had identical sizes. Given that the populations were of identical size, they 158 both should contain similar amounts of deleterious variation and similar genetic loads. Here, we
159
simulated under a population split model with a size of 10,000 diploids in the ancestral and both 
162
Under the additive fitness model, the fitness of the recipient subpopulation does not 
175
After admixture, homozygosity in the recipient population is immediately decreased (Figure S3 ),
176
with a corresponding increase in the fitness of the recipient population (Figures 2 and S1 ).
177
Importantly, the number of derived deleterious variants per haplotype in the recipient 178 subpopulation is unaffected by gene flow (Figure S2 ). After the initial increase in fitness due to 179 admixture, the decline in fitness following admixture is slow, such that fitness will be greater than 180 the pre-admixture value for many generations following admixture (Model 0, h=0, Figure S1 ).
181
Notably, the fitness increase conferred by heterosis is the most pronounced (≈2.5% increase) and 
212
In this model, the additive genetic load was insensitive to the short bottleneck (Model 1,
213
Figures 2 and S1). Although some proportion of the deleterious variants is lost in the bottleneck, 
219
We found broadly similar patterns when deleterious mutations were recessive, with some 220 important differences. Our simulations show that the bottleneck causes an additional ~2% decline
221
in the recipient population's mean fitness prior to admixture (Model 1, Figure S1 ) due to a small 222 increase in homozygosity ( Figure S3) . However, the average number of deleterious variants per 
230
The frequency of introgression-derived ancestry was largely unaffected by the short 
240
Long-term population contractions greatly influence the dynamics of introgression
241
At equilibrium, smaller populations will have a greater reductions of fitness due to 242 deleterious variation than larger populations (Kimura et al. 1963 ). Therefore, a long-term 243 reduction in population size should have different implications for fitness and the fate of 244 introgression-derived ancestry than the short bottleneck described above.
245
To investigate the effect of long-term differences in population size and subsequent gene 
250
Model 2, the direction of admixture is from the small into the large population, and in Model 3
251
the direction of admixture is from the large into the small population.
252
As a consequence of long-term differences in population size, the additive fitness of the 253 small subpopulation is 7-10% less than that of the large subpopulation (Models 2 and 3 in 
284
Due to these differences in fitness between the small and large subpopulations, the 
293
Again, we observe that the magnitude of this effect is inversely related to the recombination rate.
294
Specifically, the proportion of introgression-derived ancestry decreased or increased at the 295 greatest magnitude in simulations with low recombination, and the least in simulations with a 296 high recombination rate (Models 2 and 3 in Figure 3 ).
297
When fitness effects were recessive, the frequency of introgression-derived ancestry in 298 the recipient subpopulation were determined by heterosis and differences in genetic load between 299 subpopulations. Gene flow from the large to the small subpopulation (Model 3) resulted in slight
300
(p I =7%, r=10 -6 ) to drastic increases (p I =51%, r=10 -9 ) in the average proportion of introgression- 
378
To investigate how the correlation of introgression-derived ancestry with genomic 
385
At the end of each simulation, we split the chromosome into non-overlapping 100 kb windows
386
and computed the frequency of introgression-derived ancestry, exon density, and the average 387 recombination rate in each window.
388
The average genomic landscape of introgression for 100 simulation replicates varied 
424
We show the correlations that deleterious mutations generate between genomic features 425 and the frequency of introgressed ancestry, measured in 100 kb windows, in 
461
These effects can be long lasting, persisting for thousands of generations in some of our 462 simulations (Figures 2, 3, S1 ). If gene flow or hybridization is a significant feature of a study
463
population, studies concerning load should consider the fitness consequences of admixture as 464 well as population size changes.
465
That dynamics of introgression-derived ancestry can thus be driven by deleterious 466 variation also is particularly relevant for the study of gene flow between populations or species.
467
Patterns of introgression between hybridizing species are often asymmetric, vary across the 
523
The underlying demographic model will determine how these additive and recessive new 
584
Importantly, we chose to discard from our simulations, and therefore from calculations of 585 fitness, mutations that were fixed in the ancestral or both subpopulations. Although fixed 586 deleterious variants contribute to the overall genetic load of finite populations, they will have no 587 effect on the relative differences between admixing subpopulations and no effect on the dynamics 588 of introgression-derived ancestry. Therefore, each fitness calculation does not reflect the true 589 fitness, but rather the fitness components that are relevant during gene flow.
590
An admixture event in SLiM is handled by modifying the way the parents in each 
596
Simulations with randomly generated chromosomal structure
597
Unless specified otherwise, the chromosomal structure of each simulation was randomly 598 generated by drawing exon lengths from "#$%#&'() * = log 50 , 2 3 = log 2 , intron lengths 599 from "#$%#&'() * = log 100 , 2 3 = log 1.5 , and the length of noncoding regions from 600 8%9:(100,5000), following the specification in the SLiM 4.2.2 manual (7.3), which is modeled 601 after the distribution of intron and exon lengths in Deutsch and Long (1999 
607
In simulations with fixed chromosomal structure (Figure 6) , we fixed the structure to 100
608
Mb randomly chosen from human genome build GRCh37, chromosome 1 (chr1 10,000 1,000 --10,000 1,000 --3,000 Model 3 10,000 10,000 --1,000 1,000 --3,000 Model 4 10,000 10,000 1,000 10,000 1,000 --3,000 NOTE.--All population sizes are in diploids and all times in generations from the present. 
